The supramolecular structures of the three isomeric (E,E)-1-(2-iodophenyl)-4-(2/3/4-nitrophenyl)-2,3-diaza-1,3-butadienes, C 14 H 10 IN 3 O 2 , are compared. In the 2-nitro isomer, the molecules are disordered across centres of inversion in space group C2/c and are linked into chains by a two-centre iodo± nitro interaction. The molecules of the 3-nitro isomer are linked into a three-dimensional framework by a combination of CÐHÁ Á ÁO and CÐHÁ Á ÁI hydrogen bonds and aromatic %±% stacking interactions, while molecules of the 4-nitro isomer are linked into sheets by a CÐHÁ Á ÁO hydrogen bond and a twocentre iodo±nitro interaction.
Comment
In the course of our continuing investigation of the interplay between hard and soft (Braga et al., 1995; Desiraju & Steiner, 1999) hydrogen bonds, aromatic %±% stacking interactions and iodo±nitro interactions in simple bis-arene systems, we have studied the supramolecular structures of an extensive series of iodoaryl±nitroaryl compounds, many in several isomeric forms, including examples of sulfonamides (Kelly et al., 2002) , benzylideneanilines (Glidewell, Howie et al., 2002; , benzylanilines benzenesulfanylanilines (Glidewell et al., 2003a) and phenylhydrazones (Glidewell et al., 2003b; . We have now extended this study to the isomeric (E,E)-1-(2-iodophenyl)-4-(2/3/4-nitrophenyl)-2,3-diaza-1,3-butadienes, and report here on the molecular and supramolecular structures of three such isomers, containing the 2-nitrophenyl, 3-nitrophenyl, or 4-nitrophenyl substituents, compounds (I)±(III), respectively (Figs. 1±3).
The crystallization characteristics of the three isomers (I)± (III) are all different, with (I) crystallizing in C2/c with Z H = 1 2 , and a value of Z H = 1 for each of isomers (II) and (III), in space groups P1 and C2/c, respectively. However, the intramolecular geometries are all fairly similar. The central ±CH NÐ N CH± fragment is strictly planar in isomer (I) and approximately so in isomers (II) and (III), and the substituents at each of the C N bonds adopt E con®gurations. The independent aryl rings are all twisted slightly away from this plane, to the greatest extent in (I) and the least in (III), as shown by the relevant torsion angles (Tables 1, 2 and 4) . In addition, the nitro groups are all rotated away from the planes of the adjacent aryl rings, to the greatest extent in (I) and the least in (II). Corresponding bond lengths and angles are all very similar for the three isomers and there are no unusual values. In isomer (I), the population of the iodo site was found to exceed that of the nitro sites, with occupancy factors of 0.559 (3) and 0.441 (3), respectively. We conclude that some reorganization of substituted aryl groups has occurred, either during the synthesis of (I) or during its crystallization, such that a small proportion of (E,E)-1,4-bis(2-iodophenyl)-2,3-diaza-1,3-butadiene has co-crystallized with (I).
The molecules of compound (I) (Fig. 1 ) lie across inversion centres in space group C2/c, with the iodo and nitro substituents disordered; the reference molecule was selected as that lying across ( 2 ). The paucity of direction-speci®c intermolecular interactions in (I) is striking: there are no intermolecular hydrogen bonds of any kind and no aromatic %±% stacking interactions are present. However, atom I2 at (x, y, z) can make two possible contacts, with either another I2 or with nitro atom O21, both at (1 À x, y, 3 2 À z), i.e. both components of the molecule of (I) centred across ( 
It is convenient to consider ®rst the possible consequences of these interactions in pure (I), and then to consider the effects of the co-crystallized diiodo compound. If adjacent molecules of (I) along [001] are consistently aligned in a head-to-tail fashion, then the iodo± nitro interaction generates a C(11) chain (Starbuck et al., 1999) along [001] . If, however, adjacent molecules are aligned in a head-to-head fashion, the IÁ Á ÁI contact can only link the molecules together in pairs.
The angular properties of this CÐIÁ Á ÁI interaction are admirably consistent with generalizations proposed (Ramasubbu et al., 1986) from the results of database analysis, namely that in structures where XÁ Á ÁX distances (X = halogen) are signi®cantly less than the van der Waals sum, the observed CÐXÁ Á ÁX angles are clustered either around 180 or around 90
. These authors also note that, in such interactions, Figure 3
The molecule of compound (III), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level. XÁ Á ÁX distances are commonly observed ca 0.5 A Ê below the conventional van der Waals sum of 3.90 A Ê for IÁ Á ÁI (Bondi, 1964) . The short IÁ Á ÁI contact distance here is well below the van der Waals sum, even allowing for the polar¯attening effect (Nyburg & Faerman, 1985) , and may point to an avoidance of such IÁ Á ÁI contacts wherever possible. Such avoidance is readily achieved by the head-to-tail alignment of the molecules of (I) within an [001] chain, so that disorder of the molecules is correlated in one direction. This neither implies nor requires any correlation between adjacent [001] chains. Such short contacts can be avoided, even when a molecule of the diiodo analogue is present; such a molecule can readily form two iodo±nitro interactions, one at each I atom. Each such diiodo molecule would, in these circumstances, simply effect a reversal in the polarity of a chain formed by molecules of (I). Overall, therefore, we conclude that molecules of (I) are linked into [001] chains by a twocentre iodo±nitro interaction, with no short IÁ Á ÁI contacts. The molecules of compound (II) (Fig. 2 ) are linked into a three-dimensional framework by a combination of CÐHÁ Á ÁO and CÐHÁ Á ÁI hydrogen bonds and two independent aromatic %±% stacking interactions. The hydrogen bonds together generate a one-dimensional substructure, and each of the stacking interactions in combination with the CÐHÁ Á ÁI hydrogen bonds independently generates a further onedimensional substructure. Accordingly, the formation of the framework is most readily analysed and discussed in terms of these three simple substructures.
Aryl atom C12 and methine atom C27 in the molecule at (x, y, z) both act as hydrogen-bond donors to iodine I22 in the molecule at (1 À x, 1 À y, 1 À z), thereby generating a centrosymmetric dimer characterized by an array of three edge-fused [R (Fig. 4) . These complex dimers are themselves linked by a further hydrogen bond, of the CÐ HÁ Á ÁO type: the aryl atom C25 in the molecule at (x, y, z) acts as donor to nitro atom O32 in the molecule at (1 + x, y, 1 + z), so forming a C (13) (Fig. 4) .
The dimers generated by the CÐHÁ Á ÁI hydrogen bonds in (II) are also linked by two independent %±% stacking interactions to form two further one-dimensional substructures. The ®rst of these involves the centrosymmetric pair of molecules at (x, y, z) and (Àx, Ày, 1 À z), which are components of the dimers centred at ( . The interplanar spacing is ca 3.47 A Ê and the ring-centroid separation is 3.767 (2) A Ê , corresponding to a near-ideal centroid offset of ca 1.47 A Ê . Propagation of this interaction by inversion then links the hydrogen-bonded dimers into a %-stacked chain running parallel to the [110] direction (Fig. 5) .
The second stacking interaction involves the centrosymmetric pair of molecules at (x, y, z) and (1 À x, Ày, 1 À z), , but now the interplanar spacing is ca 3.42 A Ê , with a ring-centroid separation of 3.725 (2) A Ê , giving a ringcentroid offset of ca 1.48 A Ê . Propagation of this interaction then generates a chain of dimers along [010] (Fig. 6) . The combination of the independent chains along [101], [110] and [010] is suf®cient to link all of the molecules of (II) into a single three-dimensional framework. It is notable, however, that iodo±nitro interactions are absent from the structure of (II).
The molecules of compound (III) (Fig. 3 ) are linked into sheets by a combination of a rather weak CÐHÁ Á ÁO hydrogen bond and a two-centre iodo±nitro interaction, and again it is convenient to consider the effect of each of these interactions in turn. Aryl atom C12 in the molecule at (x, y, z) acts as hydrogen-bond donor to nitro atom O42 in the molecule at (x, y À 1, z), so generating by translation a C(6) chain running parallel to the [010] direction (Fig. 7) ; eight chains of this type pass through each unit cell. In addition, atom I22 in the molecule at (x, y, z) forms a nearly linear two-centre IÁ Á ÁO interaction with nitro atom O41 in the molecule at ( (Fig. 9) . Four sheets of this type pass through each unit cell, but there are no direction-speci®c interactions between adjacent sheets. In particular, CÐHÁ Á Á%(arene) hydrogen bonds and aromatic %±% stacking interactions are absent from the structure of (III).
Experimental
An equimolar mixture of 2-iodobenzaldehyde and the appropriate nitrobenzaldehyde hydrazone (3 mmol of each) in methanol (20 ml) was heated under re¯ux for 30 min, cooled and then left at room temperature. The precipitate from each reaction was collected after 24 h and recrystallized from 1,2-dichloroethane. While pure samples of compounds (II) (m.p. 458±460 K) and (III) (m.p. 490±491 K) were obtained in this way from 3-and 4-nitrobenzaldehyde hydrazone, respectively, the X-ray analysis showed that the product (m.p. 471± 473 K) obtained using 2-nitrobenzaldehyde hydrazone was, in fact, compound (I) co-crystallized with some (E,E)-1,4-bis(2-iodophenyl)-2,3-diaza-1,3-butadiene, despite the sharp melting point.
Compound (I)
Crystal data Table 1 Selected torsion angles ( ) for (I).
Symmetry code:
Table 2 Selected torsion angles ( ) for (II). For each of (I) and (III), the systematic absences permitted C2/c and Cc as possible space groups. For each isomer, space group C2/c was selected and con®rmed by the subsequent analysis. Crystals of isomer (II) are triclinic. Space group P1 was selected and con®rmed by the subsequent analysis. It became apparent at an early stage in the re®nement of (I) that the occupancies of the iodo and nitro substituents were not identical, as had been expected. The re®ned occupancy factors were 0.559 (3) for the iodo substituent and 0.441 (3) for the nitro group; when (I) was re®ned with these occupancies ®xed at 1 2 , the R factors rose to R = 0.050 and wR 2 = 0.133, with unacceptable displacement parameters for the nitro N atom. All H atoms were located from difference maps and then treated as riding atoms, with CÐH distances of 0.95 A Ê at 120 K and 0.93 A Ê at 293 K, and with U iso (H) = 1.2U eq (C).
Data collection: COLLECT (Nonius, 1998) for (I) and (II); SMART (Bruker, 1998) for (III). Cell re®nement: DENZO (Otwinowski & Minor, 1997) and COLLECT for (I) and (II); SAINT (Bruker, 2000) for (III). Data reduction: DENZO and COLLECT for (I) and (II); SAINT (Bruker, 2000) for (III). For all three compounds, structure solution: OSCAIL (McArdle, 2003) and SHELXS97 (Sheldrick, 1997) ; structure re®nement: OSCAIL and SHELXL97 (Sheldrick, 1997); molecular graphics: PLATON (Spek, 2003) ; publication software: SHELXL97 and PRPKAPPA (Ferguson, 1999) .
X-ray data for (I) and (II) were collected at the EPSRC X-ray Crystallographic Service, University of Southampton, England; the authors thank the staff for all their help and advice. X-ray data for (III) were collected at the University of Aberdeen; the authors thank the University of Aberdeen for funding the purchase of this instrument. JLW thanks CNPq and FAPERJ for ®nancial support. Symmetry codes: (i) 1 À xY 1 À yY 1 À z; (ii) x 1Y yY z 1.
